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(Name of the Document} . Specification 

[Title of the invention] Liquid Crystal Display Device 
[claims 1 

[Claijn ij A liquid crystal display device 
comprising a first transparent substrate which is 
provided with pikel electrodes and common electrodes 
substantially parallel and alternately arranged on a 
transparent insulating substrate, a plurality of pixels 
arranged in matrix form, scan lines and switching 
elements that individually control electric fields 
applied to pixel electrodes of said pixels, drain lines 
connected to said switching elements, common lines that 
supply a prescribed electric potential to common 
electrodes of said pixels and a first aligxunent layer 
formed on the highest layer; 

a second transparent substrate arranged to confront 
«aid first transparent substrate and provided with at 
least' a second aligxmient layer on the highest layer; 

and a liquid crystal component layer sealed between 
said first transparent substrate and said second 
transparent substrate; characterized in that, 

specific alignment processing is carried out such that 
alignment of said first alignment layer and said second 
alignment layer differs for regions of said drain lines 
and their vicinities (hereinbeldw, referred to simply as 
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drain 1 in regions") and regions of apertures of said 
pixels and their vicinities (hereinbelow, referred to 
simply as "pixel aperture regions") . 

[claiai 2} A liquid crystal display device according 
to claiiii I, characterized in that, 

said liquid crystal component has a positive dielectric 
constant anisptropy, and wherein the alignment process 
of said drain line regions is carried out in a direction 
substantially^ orthogonal to the longitudinal direction 
of s^id pixel electrodes. 

[claim 3]. A liquid crystal display device according 
to claim 1, characterized in that, 

•said liquid crystal component has a negative dielectric 
constant anisotropy, and wherein the aligrunent process 
of said drain line regions is carried out in a direction 
appi:oximately parallel to the longitudinal' direction of 
said pixel electirodesi 

Iciaim 4l A liquid crystal display device according 
to claim 1, characterized in that, 

said liquid crystal component has a negative dielectric 
constant anisotropy, and the alignment of said drain 
line regions is a vertical alignment. 

[Claim S] A liquid crystal display device according 
to any one of claim 1 to claUn 4, characterized in that. 
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an aiigiunent process Is carried out such that the 
aXigiunent of said pixel aperture region has an 
inclination of any angle 9 that is neither orthogonal 

. nor parallel to the longitudinal direction of said pixel 
electrode. 

rciaim 61 A liquid crystal display device according 
to any one of olaija 2 to claim 5, characterized in that, 

said first alignment layer and said second alignment 
layer are alighment layers that can be aligned by light, 
and are alignment layers processed by polarized light 
such that each of said drain line regions and said pixel 

aperture regions undergoes a stipulated alignment 
process. . 

[Claim 7] A liquid crystal display device according 
to any one of claim 1 to claim 6, characterized in thkt, 

the alignment process of regions other than said drain 
line regions and said pixel aperture regions is the same 
alignment process as the alignment process either of 
said drain line regions or of said pixel aperture 
regions . 

[claim 8j A liquid crystal display device 
comprising a first transparent substrate which is 
provided with pixel electrodes and common electrodes 
substantially parallel and alternately arranged on a 
transparent insulating substrate, a plurality of pixels 
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ele„»„„ .Hat lnai.id„all/.„„t«,l eU«ric 
. appue, tp pi.„ electro... Of ..id 

supply a p„,c.ii.^ 

el^ct^od,. cf «id pl„U ana a 

foimed on the highest layer;. 

« second transparent substrate arrange, to: confront 
".1 first transparent substrate and provided on the 
highest layer with at least a sePohd aii9™,ent layer „d 

a light-shielding layer hav<F.n 

? J.ayer having aperture regions of said 

Pixels toelow said second aUgmnent layer; 

-d a liquid crystal .o.pohent layer sealed between 

.aid first transparent s.b.trate and .aid second 
transparent substrate; characterized in that, 

-ici liguid crystal cc^on^nt has a positive dielectric 
constant ani.otropy, said fir.t .lig^^nt laye. and .aid 
-cond alig™^„, layer undergo an align^nt process so " 
to h.ve .n inclination Of a.^ angle 6 which is 

neither parallel nor orthogonal to the longitudinal 

dxreetion Of said pixel electrode, 

said ligfht-shielding laver is * 

^ formed from a conductor, 

and ' 

voltage is applied to said iight-shieldihg layer such 

°' ™i>le=„ies Within 

«id li^id crystal exponent layer in regions o£ said 



PAa»«ii9'ffiVDATiiiiM«2amiBsimi),,iii)i«nm^^^^ 



MAY-18-2034 17 : 09 



SCULLY SCOTT 



5167424366 P. 28/03 



drain, lines and their vicinities is aligned 
substantially perpendicular to said first transparent 
substrate. 

[Claim 9l A liquid crystal display device according 
to claim 8, characterized in that, 
voltage iinpressed to said light^shielding layer is 
either a direct-current voltage of a potential within a 
range of 10-20 V higher, or vithin a range of 10-20 V 
lower, than the average value of the potential of said 
drain lines, or an alternating voltage of a long period. 

[claim loj A liquid crystal display device 
according to any one of claim 1 to claim 9, 
characterised in that, 

wherein said pixel electrodes and said drain lines 
extend over said commbn electrodes with an insulating 
layer, are parallel to said common electrodes, and 
separated from each other. 

[Claim 11] A li«iuid crystal display device 
according to any one of claim i to claim 9, 
characterized in that, 

said common electrodes and said pixel electrodes extend 
parallel and separated from each other, and said drain 
lines extend parallel to said common electrodes with an 
interposed insulating layer. 
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[Detailed Descriptipn of Inventionl 
[OOOll 

[Technical field to which the invention belongs] 
The present Invention relates to a horizontal-field- 
drive liquid crystal display, and particularly to a 
horizontal-field-drive liquid crystal display device 
that maintains a high aperture ratio while suppressing 
the occurrence of display defects such as vertical 
crosstalk and stepping noii-unif orinity; 

[oooiz] 

[Prior art] 

Liquid crystal displays of the prior art are typically 
of a type in which an image is displayed on a panel by 
causing an electric field to act in the direction 
perpendicular to the substrate surface, causing change 
in the alignment of the director (molecular axis) of the 
liquid crystal molecules, and thus controlling the 
transmittivity of light (hereihbelpw, this type is 
referred to as "vertical-field-drive"), and Twisted 
Nematic (TN) mode is of this type, in liquid crystal 
displays. of this vertical-field-drive type, the director 
is aligned perpendicular to the substrate surface when 
the field is toeing applied. As a result, the refractive 
index changes with the direction of viewing, thereby 
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Strengthening the viewing angle dependency and making a 
wide viewing angle difficult to obtain. 
[0003] 

In contrast, recent years have seen research and 
development of hori^o^tal.fleld-drive liquid crystal 
displays or IPS (In^Plane Switching, Mode liquid crystal 
displays in which image display is realized through the 
: control of the transmittivity of light by aligning the 
director of liquid crystal molecules parallel to the 
substrate surface, and causing an electric field to act 
in a direction parallel to the substrate surface to 
cause the director to rotate within a plane parallel to 
the substrate surface. 

[00041 

As an example of a typical horizontal ^field-drive 
liquid crystal display (hereinbelow referred to as 
Simply -IPS liquid crystal display'^ or merely, >^iiquid 
crystal display") , the construction of an IPS liquid 
crystal display described in Japanese Patent Laid-open 
No. 3G058/95 is next described with reference to Fig. 25 
and rig. 25. Pig. 25 is a plan view showing the . 
structure Of one pixel of the IPS liquid crystal 
display, and Pig. 26 is a sectional view showing the 
layer structure of the IPS liquid crystal display at 
line V-V of Pig. 25. 
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Prior-art IPS liqui<l "crystal has a pliirality 
of pixels arranged in matrix form, and as shown in Fig- 
2G> the display is provided with first transparent 
substrate (TPT substrate) 13, second transparent 
substrate (facing substrate) 15, and liquid crystal 
component layer 44 sealed between first transparent 
substrate 13 and second transparent substrate 15- 

First transparent substrate 13 is provided with first 
glass substrate 12 on which electrodes (16, 20, 22) and 
switching structures (30, 32) are formed, and first 
alignment layer 28 is formed on the highest layer- 
Second transparent substrate (facing substrate) 15 is 
provided with second glass substrate 14, light-shielding 
layer 36, and second alignment layer 42, which are 
formed successively on second glass substrate 14, Second 
transparent substrate 15 is arranged such that second 
allgmnent layer; 42 is parallel to and confronts first 
alignment layer 2 8 of first transparent substrate 13. 
[0005] 

Further, as shown in Fig, 25 and Fig. 26, each pixel 
comprises two common electrodes ISA and 16B extending 
over first glass substrate 12 separated from and . 
parallel to each other, first insulating film 18 formed 
over common electrodes 16, drain line (signal line) 20 
extending parallel to common electrodes 16 and is 
positioned over first insulating film 18 and between 

8 
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coranon electrode 16B and coinnion electrode 16A, and pixel 
electrode 22 similarly extends parallel to common 
electrodes 16 and is positioned over first insulating 
film 10 and between common electrodes 16B and. common 
electrodes 16A of neighboring pixel. ConUnon electrodes 
16A and 16B are each connected to common line 24. First 
alignment layer 28 is stacked over drain line 20 and 
pixel electrode 22 with second insulating film 26 
interposed. Pixel electrodes 22 and common electrodes 16 
are actually alternately arranged so as to form a 
plurality of pairs. 

The switching mechanism is made up of thin-film 
transistor 32 and scan line 30, which drives thin-film 
transistor 32, scan line 30 is connected to the gate 
electrode of thin-filn, transistor 32, drain line 20 is 
connected to the drain electrode, and pixel electrode 22 
is connected to the source electrode . 
[0006] 

Black matrix 36 for shielding light which has an 
aperture region (hereinbelow referred to as aperture 34) 
on the pixel is formed on the surface of second glass 
substrate 14 that faces first transparent substrate 13, 
as shown in Fig. 26, and color filter 38 is formed over 
aperture 34 and over black matrix 36 around the 
periphery of aperture 34. Aperture 34 is opened in black 
matrix 36 as a rectangle demarcated by common line 24, 
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scan line 30, and two coiwnon electrpdas 16, as shown in 
Pig. 25/ and light advances through aperture 34 from the 
side of first transparent substrate 13 and toward the 
side of second transparent sulbstrate 15 to realiae image 
display. 

Secphd alignment layer 42 which initial direction of 
■ orientation of the liquid crystal molecules of Second 
alignment layer 42 is the saitte direction as that of 
first alignment layer 28 is formed on color filter 38 of 
second glass substrate 14 with planarization film 40 
interposed. 

Liquid erystal component layer 44 is accommodated and 
sealed between first alignment layer 26 and' second 
aligranent layer 42. As shown In Fig. 25, liquid crystal 
moiecules are oriented by the aligning function of first 
alignment layer 26 and second alignment layer 28 such 
that their director forms any angle -9 that is not 

orthogonal or parallel to the longitudinal direction of 
pixel electrode 22 . 

In addition, polarizing sheet (not shown) are provided 
on the outer sides of first glass substrate 12 and 
second glass substrate 14 as the polarizer of polarizing 
sheet (not shown) is parallel or orthogonal to the 
rubbing angle, analyzer of polarizing sheet (not shown) 
is orthogonal to the rubbing angle. 
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[6ob7j 

The oporation of above-described liquid crystal display 
10 of the prior art is next described. Thin-film 
transistor 32 switches the electrode structure ON and 
OFF in accordance with ON/OFF signals received from scan 
line 30. When thin-film transistor 32 is ON, charge 
flows from drain line 20 to pixel electrode 22. When 
thin-film transistor 32 is OFF, pixel electrode 22 holds 
the charge and maintains a particular set potential* In 
contrast, a constant fixed direct-current voltage is 
applied to common electrodes 16 . 

A horizontal electric field is produced within liquid 
crystal component layer 44 in the direction parallel to 
first glass substrate 12 due to the difference in 
electric potential between pixel electrode 22 and common 
electrodes 16, and the liquid crystal molecules, on pixel 
electrode 22 move. The potential difference between 
pixel electrode 22 and common electrodes 16 is held 
until writing of a signal of reversed polarity, and the 
display written to pixel electrode 22 is therefore 
displayed by way of aperture 34 of black matrix 36, by 
moving the liquid crystal molecules and controlling a 
permeability of lights 

loooaj 

The direction of the electric field of common 
electrodes 16 and the regions of the liquid crystal 

11 
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component layer i„ the vicinity of coinnion electrodes 16, 
and accordingly, the regions of the liquid crystal 
component layer alongside djrain lines 20, is not 
parallel to first glass substrate 12, but rather, is 
close to perpendicular to glass substrate 12, so the, 
optical transmittance therefore cannot be controlled as 
deiired/ the luminance Is disturbed, and light that 
passes thirough this region must be blocked by black ' 
matrix 36 . ^ 

The above-described IPS liquid crystal display of the 

prior art has the fpllowing problems. 

First, these liquid crystal displays are prone to a- 
problem called vertical crosstalk in which, wheh 
displaying a white window in a black display screen as 
shown in Fig. 27(a) , the black display regions above and 
below the window of the display screen appear faintly 
vhite compared to other black display areas when the 
display screen is viewed from a Side. 

second, there is the problem that, i„ the case of 
forking the electrodes of first and second transparent 

substrates by patterning by stepping projection 
alignment by a stepper, stepping non-uniformity is 
produced along the borders of the stepping projection 
alignment, as, shown in Fig. 27(b). 
[0009] : 
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Reqrarding the fiir dt iorrihr^in; 

As described hereinabove, the proper control of light 
trarismittivity is impossible, i.e., luminance cannot be 
controlled, in the regions adjacent to drain lines 20, 
i.e., the regions between drain line 20 and common 
electrodes 16 (the regions indicated by "a" in Fig. 28, 
and referred to hereinbelow as ^^region a"). Moreover, 
the luminance of these a regions (1) varies with 
fluctuation in the electric potential of the drain line • 
with respect to the common electrodes and (2) varies 
with fluctuation in the distance between drain line and 
common electrodes . 

The disadvantage of the vertical crosstalk shown in 
Fig. 27(a) arises from the change in electric potential 
of the drain lines with respect to common electrodes of 
(1). Signal potential is applied to the drain lines of 
pixels in which there is white display, and the 
potential in these drain lines is the average voltage of 
drain lines and therefore higher than average voltage of 
the drain lines of pixels in which there is no white 
display, BO luminance thus varies under the influence of 
this difference in the portions above and below a window 
when viewed from an angle. 

As can be understood from Pig. 28, region a is located 
exactly behind black matrix 36 and cannot be seen when a 
user views the display screen from directly in front of 

13 
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this scrSen, and vertical crossitalk therefor^ does not 
occur in the display screen. In contrast,, region a is 
visible when* the user views the display screen from an 
angle / as shown in Fig. 28, and vertical crosstalk 
therefore occurs in the display screen. 

looiol 

Reaardihcr the second problein ; 

The cause of the second problem, the disadvantage of 
the stepping noh-uniformity shown in Fig. 27(b) arises 
due to the variation in distance between dirain lines and 
common electrodes of (2) - The distance between drain 
lines and common electrodes varies due to aberration in 
the overlay of the layer in which common electrodes are 
formed arid the layer in which drain lines and pixel 
electrodes are formed during stepping proiection 
alignment by a stepper. This variation in distance 
results in variation in the luminance of region a^ which 
in turn causes stepping non-unifoimiity when the screen 
is viewed from an angle, 

[OOllj 

Two methods have been considered in the prior art for 
solving the above-described disadvantages of displays; 
( 1 ) Enlarging the dimsnsidns of the black matrix such 
that region a cannot be seen even when the display 
screen is viewed from an angle; and 
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{2) overlaying the cbinmoii electrodes and drain line 
such that region a does not exist, 

However, these two methods have the following problems; 
[00121 

First, as shown in Fig. 29(a), making the dimensions of 
black matrix 36 on the facing subBtrate^side equal to or 
greater than the distance between the outer edges of 
common electrodes 16A and 16B on the first transparent 
substrate side in the above-described method (1) hides 
region a from view even when the display screen is 
viewed from aii angle. 

In a case in which the black matrix extends beyond the 
connnpn electrodes , however, the area of the aperture 
decreases as shown in Fig* 29(a) and the aperture ratio 
decreases. In addition, if a construction is adopted in 
which the outer edges of black matrix 36 are aligned 
with the outer edges of common electrodes 16, change or 
fluctuation in processing conditions causes a divergence 
in the positions of overlay of first transparent 
substrate and second transparent substrate, and this 
brings about a corresponding positional shift between 
black matrix 36 and common electrodes 16 as shown in 
Pig. 29(b), whereby the area of the aperture decreases 
and the aperture ratio falls. 
[00131 
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in the above-described method ( 2 ) in which the comirion 
electrodes and drain lines are overlapped so as to 
eliminate region a/ parens it ic capacitance 46 increases 
between common electrodes 16 and drain lines 20 as shown 
in Fig- 30(a), This capacitance effect weakens the 
signal waveform or increases transfer delay and prevents 
the accurate writing of potential to each pixel* 

In addition/ the presence of any holes or voids in 
interlayer insulation film 18 in the portions of overlap 
of cbmmon electrodes 16 and drain lines 20 as shown in 
Fig. 30(b) gives rise to shorts and the increased 
probability of a defective display device that is 
incapable of normal display- 
[0014] 

[Problems that the invention is to solve! 

As described hereinabove, IPS liquid crystal displays 
of the prior art were not easily amenable to preventing 
display defects such as vertical crosstalk and stepping 
non-iiniformity when the display screen is viewed at an 
angle from the side horizontally* 

It is an object of the present invention to provide an 
IPS (In- Plane Switching) liquid crystal display that is 
free of display defects such as vertical crosstalk and 
stepping non-uniformity even when the display screen iS: 
viewed from the side horiisontally , that maintains good 
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display uniformity and high aperture ratio, and that has 
high product yield during fabrication, 
[0015] 

[Means of solving the probl sine] 
A liquid crystal display according to this invention 
(hereinbelow referred to as the first invention) is 
characterized to includes a first transparent substrate 
which is provided with pixel electrodes and coininon 
electrodes substantially parallel and alternately 
arranged on a transparent insulating substrate, a 
plurality of pixels arranged in inatirix form, scan lines 
and switching elements that individually control 
electric fields applied to pixel electrodes of the 
pixels, drain lines connected to the switching elements, 
common lines that supply a prescribed electric potential 
to common electrodes of the pixels and a first alignment 
layer formed on the highest layer; 
a second transparent substrate arranged to confront the 
first transparent substrate and provided with at least a 
second alignment layer on the highest layer; 

and a liquid crystal component layer sealed between the 
first transparent substrate and the second transparent 
substrate; characterized in that, 

specific alignment processing is carried out such that 
alignment of the first alignment layer and the second 
alignment layer differs for regions of the drain lines 
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ana their vicinities ( hereinbelow, referred to simply as 
"drain line regions ") and regions of apertures of the 

piacels and their vicinities (hereintaelow, referred to 
pimply as "pixel aperture regions"). 

looiej. 

As a preferable embodiment of the first invention, the 
liquid crystal component has a positive dielectric 
constant anisotropy, and the alignment process of the 
drain line regions is carried out in a direction 
substantially orthogonal to the longitudinal direction 
of the pixel electrodes . Alternatively, the liquid 
crystal component has a negative dielectric constant 
anisotropy, and the alignment process of the drain line 
regions is carried out in a direction approximately 
parallel to the longitudinal direction of the pixel 
electrodes . . 

According to an embodiment of this invention/ through 
the use of an specific alignment layer, the orientation 
of liquid crystal molecules in the drain line regions is 
substantially orthogonal to the longitudinal direction 
of the pixel electrodes, or is substantially parallel to 
the longitudinal direction of the pixel electrodes, 
accordingly, liquid crystal molecules are always in a 
stationary state with respect to an electric field in 
the direction orthogonal to the longitudinal direction 
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of the pixel electrodes regardless of the strength of 
the field. The liquid crystal molecules do not rotate 
and the transraittiVity of light is therefore uniform- 
The luminance of regions between drain lines and common 
electrodes^ which correspond to the drain line regions 
(region a in Fig. 28), is therefore a uniform luminance 
that is not dependent (l)on the rise and fall of the 
potential of the drain lines with respect to the common 
electrodes or (2) the amount of distance between the 
drain, lines and commoh electrodes, and display defects 
such as vertical crosstalk or stepping non-uniformity 
therefore do not occur. 

Further the angle 9 can be any angle other than 0° and 
90", depending on the setting of optical characteristics 
of the liquid crystal display. 
I0017j 

According to another preferable embodiment of the first 
Invention, the liquid crystal component layer has a 
negative dielectric constant anisotropy, and the 
orientation of the drain line region is oriented 
perpendicularly. Through the use of alignment layers 
which have specified in this embodiment, the initial 
orientation of the liquid crystal molecules in the drain 
line regions is in a direction orthogonal to the 
substrate, and as a result, liquid crystal molecules are 

19 
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always in a stationary state with resjpect to an electric 
field in the direction orthogonal to the longitudihai 
direction of the pixel electrodes regardless of the 
strength of the electric field, therefor the liquid 
crystal molecules do not rotate and the transinittivity 
of light is therefore unifbrm. Accordinglyy the 
luminance of the regions between the drain lines and 
coinmon electrodes (region a in Fig. 28)^. which 
correspond to the drain line regions, is therefore a 
uniform luminance that, is not dependent (l) oii the rise 
and fall of the electric potential of the drain lines 
(signal electrode) with respect to the coinmon electrodes 
or (2) the amount of distance between the drain lines 
a^d common electrodes, and display defects such as 
vertical crosstalk or stepping non-uniformity therefore 
do not occur. 

Further the angle 9 can be any angle other' than O'' and 

90°, depending on the setting of optical characteristics 
of the liquid crystal display. 
lOOlB] 

Iti the first invention, alignnient processing is carried 
out such that the orientation of the pixel aperture 

regions has an inclination of any angle e that is 
neither parallel nor orthogonal to the longitudinal 
direction of the pixel electrodes. 
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The alignment processing of regione other than the 
drain line regions and pixel aperture regions is the 
same as the alignment processing of the drain line 
regions or pixel aperture regions. 
[0019] 

Any method of alignment processing of the first 
alignment layer and second alignment layer may be used 
in the first invention. For example, the first alignment 
layer and the second alignment layer may be alignment 
layers that have undergone rubbing such that the 
alignment layer of the alignment layer in the drain line 
regions and pixel aperture regions undergo the 
stipulated alignment process; or may be alignment layers 
capable of light orientation that have undergone a 
polarized light irradiation process such that the first 
designated regions and the second designated regions and 
pixel aperture regions undergo the stipulated alignment 
process. - 

Therefore the first alignment layer and the second 
alignment layer are not limited to the alignment layer 
undergo the stipulated alignment process, are alignment 
layers capable of light orientation, and are alignment 
layers that have undergone the stipulated alignment 
process such that the alignment layer in the drain line 
regions and pixel aperture regions undergo the 
Stipulated alignment process 

21 
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10020] 

A liquid crystal display according to this invention 
(hereinbelow referred to as the second invention) is 
characterized to includes a first transparent substrate 
which is provided with pixel electrodes and common 
electrodes substantially parallel and alternately 
arranged on a transparent insulating substrate, a 
plurality of pixels arranged in matrix? form, scan lines 
and switching elements that individually control 
electric fields applied to pixel electrodes of the 
pixels, drain lines connected to the switching elements, 
coiranon lines that supply a prescribed electric potential 
to common electrodes of the pixels and a first alignment 
layer formed on the highest layer; 

a second transparent substrate arranged to confront the 
first transparent substrate and provided on the highest 
layer with at least a second alignment layer and a 
iight-shlelding layer having aperture xeglonsi of the 
Pixels below the second alignment layer; 

and a liquid crystal component layer sealed between the 
first transparent substrate and the second transparent 
substrate; characterized in that, 

the liquid crystal component has a positive dielectric 
constant anisotropy, the first alignment layer and the 
second alignment layer undergo an alignment process so 
as to have an inclination of any angle 9 which is 
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neither parallel nor orthogonal to the longitudinal 
direction of the pixel electrode, 

the light-shielding layer is formed from a conductor, 
and 

voltage is applied to the light-shielding layer such 
that the director of liquid crystal molecules within the 
liquid crystal component layer iii regions of the drain 
lines and their vicinities is aligned substantially 
perpendicular to the first transparent substrate. 
[0021] 

In a preferable embodiment of the second invention, the 
voltage impressed to the light-shielding layer is a 
direct-current voltage having a potential within a range 
10-20 V higher than, or within a range of 10-20 V lower 
than, the average value of the potential of the drain 
lines, or is an alternating voltage having a long 
period. 

in the second invention, the director of the liquid 
crystal molecules is aligned substantially perpendicular 
to the first transparent substrate in the region (region 
a in Pig. 28) between the drain lines and common 
electrodes, which corresponds to the drain line region, 
and the transmittivity of light is therefore uniform 
regardless of the strength of the electric field between 
the common electrodes and pixel electrodes. As a result, 
the luminance of the drain line regions is uniform and 
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not dependent (1) on the rise and fall of electric 
potential of the drain lines with respect tt, the cpininoh 
electrodes or (2) the amount of distance between the 
drain lines and the common electrodes, and display 
defects such as vertical crosstalk or stepping non- 
uniformity dp not occur. 

The angle e depends on the setting of optical 
characteristics of the liquid crystal display and can be 
any angle other than 0° and 90°. 

., [0022] ■■ ' ^ 

In the first inventioh and second inventioh/^ 
arrangement of such components as the pixel electrodes, 
drain lines, and common electrodes is open to variation, 
and for example, the pixel electrodes and drain lines 
way both be parallel to the common el.ectrbdes with an 
interposed insulating layer and extend at a distance 
from each other. In addition, the common electrodes and 
pixel electrodes may extend parallel and at a distance 
from each other, and the drain lines may extend parallel 
to the common electrodes with an interposed insulating 
layer. 

[0023] 

[Mode for carrying out of the Invention] 
Embodiments of the present invention are next explained 
concretely and in detail with reference to the figures 
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and embodiments. 

The first embod iment:- of the first: Invenf.inn; 

This enOaodiment is an example of the liquid crystal 
display device of the first invention. Fig, 1 is a plan 
view showing the construction of one pixel in the. liijuid 
crystal display according to this embodiiaent , Fig. 2 is 
a sectipnal view at line l-i of Fig. 1, Pig. 3 is a 
schematic view showing the partition of first aligiunent 
layer aiid second alignment layer and Fig. 4 is a 
schematic view showing the initial direction of 
alignment of liquid crystal molecules of an alignment 
layer in each partition shown in Fig. 3. 

Liquid crystal display 50 according to this embodiment 
is a liquid crystal display generally described as the 
horizontal-field-drive type {hereinbelow referred to 
Simply as "IPS liquid crystal display" or merely, 
"liquid crystal display"). This embodiment has basically 
the same structure as IPS liquid crystal display 10 
described as the prior art with the exception of the 
rubbing angle of first alignment layer 51 and second 
alignment layer 53, and accordingly, the initial 
direction of orientation of the liquid crystal molecules 
within the liquid crystal component layer. 
[0024] 

Liquid crystal display 50 includes a plurality of 
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pixels arranged in a inatrix form and is provided with 
first transparent substirate (TFT substrate) 13, seeond 
transparent substrate (facing substrate) 15, and liquid 
crystal component layer 44 sealed between first ^ 
transparent substrate 13 and second transparent 
substrate 15, as shown in Pig. 2. 

First transparent substrate 13 is provided with first 
glass substrate 12 that includes electrodes (16, 2o/ 22] 
and switching structures (30, 32), and first alignment 
layer 51, Second transparent substrate ( facing 
substrate) 15 iis provided with light-shielding layer 36 
and second aligninent layer S3 formed in succession on 
second glass substrate 14, and is arranged such that 
second alignment layer 53 is parallel to and confronting 
first alignment layer 51 of first transparent substrate 
■ 13:. 

lQ025i 

AS shown in Fig. 1, each pixel are made up of two 
common electrodes 16A and 16B that extend parallel and 
separated from each oiher on first glass substrate 12, 
first insulating film 18 formed over common electrodes 
16, drain line (signal electrode) 20 that extends 
parallel to eommon electrodes 16 and arranged over first 
insulating film 18 between common electrode 16A and 
common electrode 15B, and pixel electrode 22 that 
similarly extends parallel to common electrodes 16 and 
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arranged over first insulating film 18 and between 
conunon electrode 16A and coiranon electrode 16B. Common 
electrode 16A and cosunpn electrode 16B are each 
connected to coinmon line 24. Pixel electrode 22 and 
common electrodes 16 are actually arranged to form a 
plurality of alternately arranged pairs. 

Switching mechanism (30, 32) is made up of thin-film 
transistor 32 and scan line 30 for driving thin-filni 
transistor 32, scan line 30 being connected to the gate 
electrode of thin-filin transistor 32, drain line 20 
being connected to the drain electrode, and pixel 
electrode 22 being connected to the source eiectrode. 

First alignment layer 51 is stacked on first glass 
substrate 12 over drain lines 20 and pixel electrodes 22 
with an interposed second insulating film 26. 
[0026] 

Black matrix 36 for blocking light and including pixel 
aperture region 34 (hereinbelow referred to as "aperture 
34") and color filter 38 formed over aperture 34 and 
over black matrix 36 around the periphery of aperture 34 
are formed on the facing surfacfe of second glass 
substrate 14, ae shown in Pig. 2. Aperture 34 is opened 
in black matrix 36 as a rectangle demarcated by common 
line 24, scan line 30, and two common electrodes 16, as 
shown in Fig. l, and light passes through aperture 34 
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from first transparent substrate 13 toward second ■ 
transparent substrate 15 t:o realize image display. 

Liquid crystal component layer 44 is acconmiodated and 
sealed between first alignment layer 51 and second 
alignment layer 53. 

[0027] 

In this embodiment, first alignment layer 51 ind 'second 
alignment layer, 53 are partitioned into strip region 52 
that includes the i-egion corresppnding to aperture 34, 
and region 54 A and region 54B at the two sides of region 
52, as shown in Pig. 3, and Region 32 ahd region 54A and 
54B on both sides of region 52 are characterized by 
having different directions of initial orientation of 
the liquid crystal molecules in the alignment layer. 

Region 52 is made, up of three regions, region 55 
corrasponding to the aperture 34 shoWh in Pig. 1, and 
regions 55A and 55B that correspond to extensions .34A 
and 34B, respectively, that extend outward in the . 
longitudinal direction from bo th_ ends of aperture 34. 

Region 55 of region 52 accordingly lies in first 
alignment layer 51 and second alignment layer 53 below 
aperture 34 of black matrix 36, region 55A and region 
55B of region 52 as well as region 54A and region S4B on 
both sides of region 52 all lie below the regions of 
black matrix 36 apart from aperture 34. The drain line 
regions (region a in Pig, 28) are inqluded within region 
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54A and region 54B. 
[0028] 

First alignment layer 51 and second alignment layer 53 
are alignment layers that have been processed such that, 
the direction of initial orientation of liquid crystal 
molecules in region 52 have an inclination of 6° with 
respect to the longitudinal direction of pixel electrode 
22 within a plane that is parallel to first glass 
substrate 12, as shown in Fig. 4- m other words, the 
rubbing angle of the alignment layer of region 52 is 0, 
and the direction of initial orientation of liquid 
crystal molecules has an inclination of 9"* with respect 
to the longitudinal direction of pixel electrode 22 
t^ithin a plane that is parallel to first glass substrate 
12. The angle 9 can be any angle other than 0° and 90° 

depending on the setting of optical characteristics of 
the liquid crystal display. 
I0Q29] 

In region S4A and region 54B on both sides of region 
S2, on the other hand, first alignment layer 51 and 
second alignment layer 53 are alignment layers that have 
been processed such that the direction of initial 
orientation of the liquid crystal molecules is 
orthogonal to the longitudinal direction of pixel 
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electrode 22 within a plane that is parallel to first 
glass substrate 12 when the dielectric constant 
anisotropY As of the liquid crystal inolecules of liquid 

crystal component layer 44 is qreatter than 0 as shown in 
Fig . 4 , and such that the direction of initial 
orientation of liquid crystal molecules is parallel to 
the longitudinal direction of pixel electrode 22 within 
a plane that is hprizontal when the dielectric constant 
aniaotropy Ae of the liquid crystal molecules is less' 
than 0- 

Therefore, the direction, of initial orientation of the 
liquid crystal inolecules of liquid crystal component 
layer 44 is orthogonal to the longitudinal direct ion of 
pixel electrode 22 when dielectric constant anisotropy 
As of the liquid crystal mblecules is greater than 0, 

and the direction of initial orientation of the liquid 
crystal molecules of liquid crystal component layer 44 
is parallel to the longitudinal direction of pixel 
electrode 22 when the dielectric constant anisotropy As 
of the liquid crystal molecules is less than O. 

In addition, the electric potential of black matrix 36 
is preferably floating when the dielectric constant 
anisotropy of the liquid crystal molecules is positive, 
while any potential can be given when the dielectric 
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constant ahisptropy is negative. 
[0030] 

The action of liquid crystal display 50 of this 
embodiment is next described with reference to Fig. 5 
for a case in which the dielectric constant anisotropy 
A 6 of the liquid crystal molecules is greater than Q. in 

a ragibri that includes region 54A and regiort 54B, i.e., 
regions alongside the drain line (region a in Fig- 28), 
the direction of initial orientation of the li«iuid 
crystal molecules is perpendicular to pix^l electrodes 
22, and accordingly, to drain lines 20, and as a result, 
remain constantly stationary regardless of the strength 
of the electric field in the direction orthogonal to 
drain line 20, and the transinittivity of light is 
therefore uniform. In region 52, on the other hand, the 
liquid crystal molecules rotate according to the 
strength of the electric field, and the transmittivity 
of light is controlled. 

Fig. 6 is a graph showing the relation bestween the 
electric field strength between common electrodek 16 and 
pixel electrode 22 and the optical transmittivity (%) of 
liquid crystal display 50 when the quantity of light 
emitted from a polarizing sheet oii first glass substrate 
12 is 100. In region 52, the optical transmittivity of 
the liquid crystal increases as the strength of the 
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electric field increases . In region 54A and region 54 B> 
on the other haiid, the liquid crystal does not move 
despite increased strength of the electric field, and 
the optical tranamittivity is therefore uniform. The 
luinijiance of regions along the drain lines is therefor© 
uniform regardless of the rise and fall of potential of 
the drain lines with respect to the common electrbdes. or 
amount of apace between dirain lines and common 
- electrodes. V 

AS a result, display defects such as vertical crbsstalk 
and stepping non-uniformity that were present when 
observing the display surface of a prior-art IPS liquid 
crystal display from an angle are not present in liquid 
crystal display 50 of this embpdiment, and the display 
quality is improved, 

[00311 

The method of fabrica ting liq u id crystal rtisDlav so t±h» 
first) a 

A method of fabricating liquid crystal display 50 (the 
first) having liquid crystal molecules in which 
dielectric constant anisotropy As is greater than 0 is 
next described with reference to Pigs. 7. Pig. 7(a)- 
Fig. 7(c) is a schematic perspective view showing the 
each step in the process of fabricating a liquid crystal 
display 50. 
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(1) First, alignment layers having a pretilt angle of 5° 
or less are used as first alignment layer 51 and socond 
alignment layer 53. Next, as shown in Pig. 7(a), the 
entire .surf ace of the alignment layers, i.e., all of 
region 52, region 54A and region 54B, undergo rubbing bo 
as to acquire the direction of initial orientation 9 of 
region 52. The angle Q can be any angle other than 0° 
and 90% depending on the set optical characteristics of 
the liquid crystal display. This is also true of the 
second embodiment and the third embodiment described 
hereinbelow. 

(2) Next, a Photoresist film is applied to the entire 
surface of the alignment layers, following which 
patterning is carried out by photolithography and wet 
etching to leave photoresist film 56 on only region 52 
and thereby mask region 52, Next, as shown in Fig. 7(1>), 
the alignment layers of region 54A and region S4B 
undergo a rubbing process such that the direction of 
orientation of the liquid crystal molecules of region 
54A and 54B is orthogonal to the longitudinal direction 
Of pixel electrode 22. The photoresist film may be 
either posi-resist or nega-resiet, and as an example, 
OFPR-800C of Tokyo Applications (KK) may be used as the 
photoresist film and trimethylamine may be used as the 
developer . 
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(3) Finally, as shown in Pig. 7(c), the desired first 
alignment layer 51 and second alignment layer 53 can be 
obtained by stripping off photoresist film 56 on region 
52 using a Stripper, and then washing in water at room 
temperature, ethyl lactate, dimethylsulf oxide, or mono 
ethanolamine may "be used as the resist stripper. 
[00321 

yh^ method of fabricatlticr l iquid ni-ystal display 50 (tha 
second) s 

A method of fabricating liquid crystal display 50 (the 
second) is next described with reference to Figs. 8. 
Fig. 8(a)- Fig. 8(c ) is a schematic perspective view 
showing the each step in the process of fabricating a 
liquid crystal display 50 . 

(1) In this method, alignment layers that can align 
light are used as first alignment layer 51 and second 
alignment layer S3. As an alignment layer that can align 
light, ah alignment layer may be used that is composed 
of a polymer such as a photosensitive radical 
polymerized by a polarized light irradiation described 
in the AM-LCD ^96 Digest of Technical Papers (p. 

337) . 

An alignment layer is first applied to substrate / 
following which regions 54A and 54B are covered by a 
mask 58 as shown in Fig. 8(a), and region 52 is 
irradiated such that the direction of initial 
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orientation of the liquid crystal molecules of region 52 
is in the direction by polarized light having an angle 9 
with respect to the longitudinal direction of common 
electrodes 16. The direction of initial orientation of 
liquid crystal molecules in region 52 is thus 9° with 

respect to the longitudinal direction of common 
electrodes 16 . 

(2) Next, region 52 is covered by another mask 60, and 
region 54A and region 54B are Irradiated by polarized 
light such that the direction of initial orientation of 
the liquid crystal molecules of region 54A and region 
54B is in the direction orthogonal to the longitudinal 
direction of pixel electrode 22. and accordingly, of 
drain line 20, thereby obtaining the desired first 
alignment layer 51 and second alignment layer 53. 
[00331 

aft^ fAygt; gmbQdimwnt of t^ha ^ irst ■.in^ot.«-, »^. 

This embodiment is an another example of the liquid 
crystal display device of the first invention. Fig. 9 is 
a plan view showing the construction of one pixel in the 
liquid crystal display, according to this embodiment. 
Fig. 10 is a sectional view at line li-ii of Fig. 9. 

In liquid crystal display 60 according to this 
embodiment, the structure of first alignment layer 62 
and second alignment layer 64 are changed, the direction 
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Of initial orientation of liquid crystal molecules 
within the liquid cjcystal component layer is accordingly 
different, and the dielectric constant aiiiaotropy Ae of 

liquid crystal molecules is limited to a negative value. 
With the exception of these differences, this 
embodiment, like the first embodiment, is basically an 
IPS liquid crystal display having an architecture 
Similar to liquid cr:^stal display lO described as the 
prior-art example . 

10034] 

As shown in Fig. IQ, first alignment layer 62 is 
stacked over drain lines 20 and pixel electrpdes 22 on 
the side of first glass substrate 12, with second 
insulating film 26 interposed. As first alignment layer 
62, horizontal alignment layer 66 is used in region 52, 
and vertical alignment layer 68 is used in region 54A 
and region 54B, i.e., in the regions including the 
region alon^ the drain lin^s 20 below black matrix 36 
(region a iii Fig. 28). 

Second alignment layer 64, on the other hand, is formed 
on the facing surface of second glass substrate 14 with 
interposed planarisatioh film 40, As with first 
alignment layer 62, horizontal alignment layer 66 is 
used as second alignment layer 64 in .region 52, and 
vertical alignment layer 68 is used as second alignment 
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layer 64 in region 54A and region 54B, i.e., the regions 
that include the regions alongside drain line 20 below 
black matrix 36 (region a in Pig. 28). Vertical 
alignment layer 68 is an alignment layer having the 
function of orienting liquid crystal molecules within 
liquid crystal component layer 44 in a direction 
orthogonal to alignment layer 68. 
A liquid crystal is used in which the dielectric 

constant anisotropyAe of the liquid crystal molecules is 

negative* 

Horizontal alignment layer 66 is an alignment layer 
treated such that the direction of initial orientation 
of the director of liquid crystal molecules has an 
inclination of angle 8 with respect to the longitudinal 
direction of pixel electrodes 22 ih a horizontal plane, 
or in other words, has a rubbing angle of 9. 

Liquid crystal component layer 44 is accommodated 
between first alignment layer 26 and second alignment 
layer 42 . 

[0035j 

In this embodiment, therefore, the direction of initial 
orientation of the liquid crystal molecules of liquid 
crystal component layer 44 has an inclination of 9 with 
respect to the longitudinal direction of pixel electrode 
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2 2 and is oriented parallel to first glass substrate 12 
and second glass substrate 14 in region 52> and is 
oriented orthogonal to region S4A and region S4B, as 
shown in Pig. 9 and Fig. 10. 

In addition, the electric potential of black . matrix 36 
is floating, 

10036] 

In liquid crystal display 60 of this embodiment^ 
vertical alignment layer 68 is provided as the alignment 
layer in region S4A and region 543B, and the liquid 
crystal molecules are therefore oriented vertically as 
shown in Fig. 11. The movement of liquid crystal 
molecules is therefore suppressed by the normal electric 
field strength of the liquid crystal display, and 
because light is unaffected by double refraction, light 
is not transmitted in region 54A and region 5 4B. In 
region 52 where horizontal alignment layer 66 is 
provided as the alignment layer, in contrast, the liquid 
crystal molecules rotate according to the strength of 
the electric field and the transmittivity of light 
therefore varies with the electric field strength. 

As shown in Fig. 12 and similar to Fig, 6, 
transmittivity changes with field strength in region 52 
and .thus operates normally as a display device, in 
region 54A and region 54B, in contrast, almost no light 
is transmitted despite changes in the degree of the 
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electric field. In other words, the luminance in regions 
alongside the drain lines (region a in Fig, 28) is fixed 
(nearly black) regardless of the drain line potential or 
the amount of space between the drain lines and conunon 
electrodes. Due to these factors , the vertical crosstalk 
or stepping non-\inifbarmity that were visible when viewed 
from an angle in liquid crystal display 10 of the priot 
art are not se$n in this liquid crystal display 60, and 
display quality is improved. 
[0037] 

The iwethQ^ Of fabricating llt m id crvsi-al diepJav 60 f th^ 
first) i 

A method Of fabricating liquid crystal display 60 (the 
first) is next described with reference to Figs. 13. 
Fig. i3(a)- Fig. 13(d) is a schematic perspective view 
showing the each step in the process of fabricating a 
liquid crystal display 60. 

In this method, a vertical alignment layer in which 
liquid crystal molecules are oriented vertically when no 
voltage is applied is used in the alignment layers of 
regidn S4A and region 54B, and a horizontal alignment 
layer is used in the alignment layer of region 52, as in 
the prior art. The liquid crystal material employed has 
a negative dielectric constant anisotropy. 
(1) First, as shown in Fig, 13(a), horizontal alignment 
layer 66 is applied to the entire surface of substrate 
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65 and then undergoes rubbing at a prescribed rubbing 
angle 0. Next, photoresist film 70 is applied, and 

region 52 is then exposed to light through photo^mask 74 
having pattern 72, 

(2) The photoresist and horizontal alignment layer 66 of 
regions other than region 52 Is then removed by wet 
etching using an alkali liquid. Phbtoresiat film 70 of 
region 52 is then stripped off, and as shown in Fig. 
13(b), a patterned horizontal alignineht layer 66 1^ 
formed on region 52 . ' 

(3) Next, vertical alighment layer 68 is applied to the 
entire substrate surface as shown in Fig. life) . 
Photoresist film 75 is applied, and region .5 4A and 
region 54B are exposed' to light using photo-maik 77^ 
having pattern ,76, As the material for vertical 
alignment layer. 68 r for example, Nissan Chemicals (KK) 
product SEi2 11 may be used. 

(4) The photoresist and vertical alignment layer 68 are 
next patterned by etching as shown in Pig. 13 (d) to 
obtain the desired first alignment layer 62 and second 
alignment layer 64. 

[0038] 

In cases in which no problem is presented by a 
difference in level of the alignment layer between 
region 52 and region 54A and 54B alongside the drain 
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line, the patterning of step (2) may be omitted. 

The order of formation of horizontal alignment layer 66 
and vertical alignment layer 68 may be the reverse of 
this embodiment, vertical alignment layer 68 first being 
applied and patterned, and then horizontal alignment 
layer 66 being applied, rubbed, and patterned. In 
addition, an optical orienting method may be used to 
establish initial orientation of horizontal alignment 
layer 66 rather than a nibbing method. 
[0039] 

The method of f abricating liou t d ci7vst«i display fin ^^ h^ 
second \ ; 

A method of fabricating liquid crystal display 60 (the 
second) is next described with reference to Figs. 14. 
Fig. 14(a)- Fig. 13(c) is a schematic perspective view 
showing the each step in the process of fabricating a 
liquid crystal display 60. 

(1) First, horizontal alignment layer 66 is applied to 
the entire surface of substrate 65, as shown in Fig. 
14(a). 

(2) Next, vertical alignment layer 68 is formed on 
portions of horizontal alignment layer 66 of region 54A 
and region 54B using printing plate 78 having a 
prescribed aperture pattern, as shown in Fig. 14(b) 

(3) Horizontal alignment layer 66 next undergoes rubbing 
at a prescribed rubbing angle, and in this way, desired 
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first alignment layer 62 and second alignment layer 64 
can be obtained as shovm in Fig. 14(c). 
[00401 

If a difference in level on the alignment layer between 
region 54A and region 54B alongside drain lines and 
region 52 presents a problem, the pattern formation of 
horizontal alignment layer 66 is preferably carried out 
by printing plate only on iregion 52 . 

The order of formation of horizontal alignment layer 66 
and vertical alignment layer 68 may also be the reverse 
of the order in this embodiment, and the initial 
orientation of horizontal alignment layer 66 may be 
established by an optical orientation method rather than 
by a rubbing method. 

I004ll 

In the first embodiment and the second embodiment of 
the first invention, the alignment process of first 
alignment layer 51 and 62 and second alignment layer S3 
and 64 was carried out by partitioning between region 
52, region 54A, and region 5 4B. However, region 52 of 
first alignment layer 51 and 62 and second alignment 
layer 53 and 64 may be partitioned into region 55, 
region 55A, and region 55B (see Fig. 3j, the same 
alignment process then carried out for region 55 as was 
carried out for region 52 in the first embodiment and 
the second embodiment, and the same alignment process 



42 

PAGE65/109»RCVDAT5lf8/20044:52:21PMpstem Daylight TiinerSVR:USPTO^F^^^ 



MPlY-lS-2004 17: 17 



SCULLY SCOTT 



51674243S6 P . 66/09 



carried out for region S5A, 55B, 54A and 54B as was 

carried out for region 54A and region 54B in the first 

embodiment and second embodiment. 

[00421 X 

The embodiment n f the second invention i 

This embodiment is an example of the liquid crystal 
display device of the second invention. Pig. 13 is a 
plan view showing the construction of one pixel in the 
liquid crystal display according to this embodiment. 
Fig. 16 is a sectional view at line III-Ili of Fig. 13/ 
Fig. 17 is . an overall schematic view of a pixel unit^ 
Fig. 18 is a partial sectional view at line IV-IV of 
Fig. 17; 

With the exception of a difference in the structure of 
black matrix 82, liquid crystal display 80 according to 
this embodiment is a IPS liquid crystal which have 
basically the same construction as IPS liquid crystal 
display 10 of the prior art. in addition, the liquid 
crystal used in this embodiment has a positive 
dielectric constant anisotropy. 
10043} 

In this embodiment, black matrix 82 is made of a 
conductor such as metal, and either a direct-current 
voltage having a potential 10-20 V higher, or 10-20 v 
lower, than the average value of the signal potential of 
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drain line 20, or an alternating voltage that reverses 
between positive and negative, is applied to black 
raatrix 82. The signal potential of drain lines 20 is 0 V 
duringr black display and 6.5 v duiring white display, the 
potential of pixel electrodes 22 is 0 V during black 
display and 6.5 V during white display, and the 
potential of common electrodes IS is always 0 V. 

A strong field perpendicular to first glass substrate 
12 and second glass substrate 14 is thus generated in 
the region around drain line 20. The direction of the 
director of the liquid crystal is therefore always 

oriented in a direction substantially perpendicular to 
the substrate; 

In this einbodiment , moreover, the rubbing angle of 
first alignment layer 28 on the iide of first 
transparent substrate 13 (see Fig. 26) and second 
alignment layer 42 of second transparent siibstrate IS 
(see Fig. 26) is the same as in the prior art/ and ean 
angle greater than 0" and less than 90" . 
[0044 J 

The construction of the means for applying voltage to 
black matrix 82 is next described with reference to Fig, 
17 and Pig. 18. 

The end of black matrix 82 is connected to terminal 86 
of first glass substrate (TFT substrate) 12 by way of a 
conductive material, for example, silver paste 84. The 
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interior, including liquid crystal component layer 44, 
is sealed by seal 90. In. addition, the part identified 
as "92" in Fig. 18 is a color filter substrate^ which is 
the second substrate. 

In concrete terms, silver paste installation points of 
TFT substrate 12 and terminal 86 are first linked by a 
metal pattern (not shown). TCP 88 is next affixed to 
terminal 86, and a direct-current voltage 10-20 V 
higher, or 10-20 V lower, than the average value of the 
potential of a drain signal, or an AC voltage having a 
long period of, for example, one positive/negative 
reversal per hour, is applied to TCP 88. 
[0045] 

The action of liquid crystal display 80 according to a 
third embodiment is next explained with reference to 
Pig, 19 and Fig. 20, Fig. 19 and Fig. 20 show the 
calculated potential during black display and during 
white display in region 54A and 54B, i.e., the liquid 
crystal component layer below black matrix 82. A 
potential of -10 V is set to black matrix 82, and 
potentials of 0 v during black arid 6.5 V during white 
are set to the drain lines. 

In a liquid crystal material for which Ae is greater 
than 0 and the field direction is a direction 
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perpendicular to. an equlpotential line, the longitudinal 
direction of the liquid crystal molecules tends to align 
in the direction of the field. Compared with the prior- 
art example shown in Pig. 21, a strong field is 
generated in a vertical direction alongside the drain 
line in Fig. l9 and Fig. 20, so the liquid crystal 
molecules therefore stand vertical and are therefore not 
as prone as the prior art example to influence from the 
horizontal transverse field produced between the drain 
lines and conunon electrodes. It can also be seen from 
Fig. 19 and Fig. 20 that the potential of the black 
matrix does not disturb the horizontal transverse field 
in the aperture region. 

Skew of the equlpotential line over electrodes is 
caused by disclination of the liquid crystal molecules. 

In the calculation of potential in the prior art, the 
black matrix was treated as norunetallic for , the sake of 
expediency. 

[0046] 

As shown in Fig. 22 and similar to Fig. 6, the above- 
described construction results in luminance of the 
region alongside drain lines (region a in Fig. 29(a)) 
that is uniform (nearly black) regardless of the rise 
and fall in the potential of the drain lines or the 
amount of space between the drain lines and common 
electrodes, in contrast with the prior-art example shown 
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in Fig. 23. As a result, the vertical crosstalk and 
stepping non-uniformity present in the jirior art when 
viewing from an angle are not present in this liquid 
crystai display 80, and the display quality is improved. 
I0047J 

An another emhor jiment ( the f i rstti ) • 

Although pixel electrodes 22 extend parallel to drain 
lines 20 Over common electrodes 16 with an interposed 
Insulating film 18 as shown in Fig. 2 in the first 

embodiment and second embodiment of . the first invention 
as well as in the embodiment of the second invention, 
the invention is not limited to this configuration, and 
for example, pixel electrodes 22 may extend over first 

glass substrate 12 arranged parallel With common 
electrodes 16A and 16B as shown in Pig. 24. 

[0048] 

An another emhriri intent (the seconrij . 

Although first alignment layer and second alignment 
layer were partitioned into region 52, region 54A, and 
region 54B in the first embodiment and second embodiment 
of the first invention, the invention is not limited to 
this form, and the first alignment layer and the second 
alignment layer may be partitioned into region 55 and 
regions other than region 55, the alignment process 
applied to region 52 may be applied to region 55, and 
the alignment process applied to region 54A and region 
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54B may be applied to the regions other than region 55. 
In addition, partitioning between the drain line region 
and regions other than the drain line region is also 
possible, and the alignment process applied to region 
■ 54A and region S4B inay be applied to the drain line, 
region, and the alignment process applied to region 52 
may be applied to the regions other than the drain line 
region. 

[00491 

[isffect of the inventionl 
According to the present invention^ the luminance of 
regions other than the aperture region, i.e. ^ the 
luminance of regions alongside the drain iiheS/ can be 
made uniform (nearly black) regardless of the rise and 
fall in the potential of the drain lines or the amount 
of space between the drain lines; and common electrodes 
bys (1) making the direction of initial orientation of 
the liquid crystal in regions other than the aperture 
region orthogonal or parallel to the longitudinal 
direction of the pixel electrodes; (2) making the 
direction of initial orientation of the liquid crystal 
in regions other than the aperture region orthogonal to 
the substrate; and (3) providing a large potential 
difference between the light-shielding layer and signal 
electrode and making the direction of the liquid crystal 
in regions other than the aperture region orthogonal to 
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the substrate. 

Display defects such as vertical crosstalk and stepping 
non-uniformity that were seen in liquid crystal displays 
of the prior art, when viewed from an angle are thus not 
visible in a liquid crystal display according to the 
present invention, and the quality of display of the 
liquid crystal display is improvfed. 

[Brief Explanation of the Drawing] 
[Pig. ll 

A plan view showing the construction of one pixel in 
the liquid crystal display according to the first 
embodinient. 

[rig. 2l 

A sectional view at line I-^i of Fig. 1. 
[Fig. 31 

A schematic plan view showing the partition of first 
alignment layer and second alignment layer. 
[Pig. 4] 

A schematic view showing the initial direction of 
alignment of liquid crystal molecules of an alignment 
layer in each partition shown in Pig. 3. 
[Fig. Sj 

A schematic view showing the initial direction of 
alignment of a liquid crystal of the first embodiment. 
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[Fig. 6 J 

A graph regarding a liquid crystal display according to 
the first embodiment and shows the relation between the 
electric field intensity between common electrodes and 
pixel electrodes and the optical transniittivity (%) when 
the ambunt of light emitted from the sheet polarizer on 
the side of the first glass substrate " is 100. 
[Pig. 7l 

Pig. 7(a)- Fig. 7(c) is a schematic perspective view 
showing the each step in the process of fabricating a 
liquid crystal display 50. 
[Fig. 8] 

Fig. 8(a) and Fig. 8(b) is a schematic perspective view 
showing the each step in the process of fabricating a 
liquid crystal display SO. 
[Pig. 9] 

A plan view showing the construction of one pixel of 
the liquid crystal display according to the second 
embodiment, 

[Pig. 10] 

A sectional view at line II-II of the liquid crystal 
display shown in Fig. 9. ■ 

[Fig. 11] 

A schematic view showing the initial direction of 
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alignment of the liquid crystal of the second 
embodimsnt . 

[pig. 12] 

A graph regarding a liquid crystal display according to 
the second embodiment and shows the relation between the 
electric field intensity between common electrodes and 
pixel electrodes and the optical transnLlttivity (%) when 
the amount of light emitted from the sheet polarizer on 
the side of the first glass substrate is 100 . 
[Fig, 13] 

Fig. 13(a)- Fig. 13(d) is a schematic perspective view 
showing the each step in the fabrication process of the 
liquid crystal display 60, 
{Fig. 14] 

Fig. 14{a>- Fig, 14(c) is a schematic perspective view- 
showing the each step of another fabrication process of 
liquid crystal display 50, 
iFig. 15] 

A plan view showing the construction of one pixel of a 
liquid crystal display according to the third 
embodiment. 

iFig, 16] 

A sectional view at line III-III of the liquid crystal 
display shown in Fig, 15. 
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[Pig . 17j 

An overall schematic view of a pixel unit. 
[Fig, 18] , 

A partial sectional view of Fig. 17. 
[Plg. 19] 

An electric potential chart of the liquid crystal layer 
below the black matrix when displaying black in the 
third embodiment. 

[Fig. 20] . 

An electric potential chart of the liquid crystal layer 
below the tilaeic itiatrix when displaying white in the 
third embodiment. 

[Fig. 21] 

An electric potential chart of the liquid crystal layer 
below the black matrix when displaying white in the 
prior art. 

[Fig. 22] 

A graph regarding a liquid crystal display according to 
an embodiment of the third embodiment and shows the 
relation between the difference in electric potential 
between common electrodes and pixel electrodes and the 
optical transroittivity (%) when the amount of light 
emitted from the sheet polarizer on the side of the 
first glass substrate is 100. 
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[Fig. 23] 

A graph regarding a liquid crystal display according to 
the prior art and shows the relation between the 
difference in electric potential between common 
electrodes and pixel electrodes and the optical 
transmittivity (%) when the amount of light emitted from 
the sheet polarizer on the side of the first glass 
substrate is 100- * 

[Fig. 24] 

A sectional view of an example of application of a 
substrate. 

[Fig. 25] 

A plan view showing the const:cuction of one pixel of a 
liquid crystal display of the prior art. 
[Fig. 26] 

A sectional view taken at line l-i of the liquid 
crystal display shown in Fig. 1 and a sectional view ■ 
taken at line V-V of the liquid crystal display shown in 
Fig. 25. 

iPig. 27] 

Fig. 27(a) and Pig. 27(b) is a schematic view showing a 
display defect. 

[Pig. 28l 

A sectional view of a pixel for illustrating the cause 
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of the display defect shown in Fig, 27- 
[Fig. 29j 

Fig. 29(a) and Fig. 29(b) is a schematic view for 
illustrating the problem of the prior-art method for 
preventing display defects. 
[Fig. 30l 

Fig. 30(a) and Fig. 30(b) is a scheinatic view for 
illustrating the problem of another prior-art method for 
preventing display defects. 





lExplanation of symbols J 


10 


prior^art IPS liquid crystal 


12 


first glas3 substrate 


14 


second glass substrate 


16 


common electrode 


18 


first insulating layer 


20 


drain line (signal line electrode) 


22 


pixel electrode 


24 


common line 


26 


second insulating layer 


28 


first alignment layer 


30 


scan line 


32 


thin filiti transistor 


34 


aperture 


36 


black matrix 


38 


color layer (color filter) 
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40 planarizatipn film 

42 second alignment layer 

44 liquid crystal component layer 

50 liquid crystal display of first embodiment 

51 first alignment layer 

52 aperture region 

53 second alignment layer 

54 region except aperture region 
56 photo resist film 

60 liquid crystal display of second embodiment 

62 first aligjcment layer 

64 second alignment layer 

6 6 horizontal alignment layer 

68 vertical alignment layer 

70 photo resist film 

72 pattern 

74 photo-mask 

75 photo resist film 

76 pattern 

77 photo-mask 

78 printing plate 

80 liquid crystal display of third embodiment 
82 black matrix 
84 silver paste 
86 terminal 
88 TCP 
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90 seal 

92 color filter 
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